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Pb(Zn1/3Nb2/3)O3 is one of the simplest representatives of the lead ferroelectric relaxors. Its solid
solution with PbTiO3, at concentrations near the morphotropic phase boundary, is especially impor-
tant. In this paper, we apply the tested earlier on Pb(Mg1/3Nb2/3)O3 approach, to analyze the light
scattering from both, nominally pure Pb(Zn1/3Nb2/3)O3 crystal and a crystal containing 4.5% of
PbTiO3, measured in a broad temperature range from 1000 to 100 K. We propose a comprehensive
picture of the temperature evolution of the lattice dynamics in these crystals and associated struc-
tural transformations. We show, that in PZN, like in PMN, short-lived dynamic lattice distortions
exist even at the highest measured temperatures. With cooling down, these distortions develop in
Fm3m clusters and R3m polar nanoregions that are still capable of reorientational motion. From
the Burns temperature Td, this motion becomes progressively restricted. The freezing process starts
at the temperature T∗ and continues down to Td0. The major Raman lines in all these materials
behave very similarly. However, the temperature behavior of a weak line E in each case is essentially
different. Its splitting can serve as a measure of the order parameter of the system.
I. INTRODUCTION
In the recent years, there is an inexhaustible inter-
est to the investigation of the ferroelectric lead relaxors.
This interest is determined, on the one hand, by their
unique and important properties: dielectric, piezoelec-
tric, electro-optic, polarizing, etc. On the other hand,
researchers are attracted to the challenging task of under-
standing these highly complex compounds, characterized
by strong compositional, chemical and structural disor-
der. Solving this task is of fundamental importance;
it will be a large step toward understanding the disor-
der phenomena in general. Especially significant efforts
are given to exploring internal (both, phonon and relax-
ational) dynamics in these crystals by neutron, X-ray and
light scattering spectroscopy. However, many of the key
aspects of the problem remain controversial1,2.
In the previous paper3, we have made a detailed in-
troduction to the problem from the viewpoint of Raman
spectroscopy, and shown the results of the comprehen-
sive analysis of the Raman spectra of Pb(Mg1/3Nb2/3)O3
(PMN), one of the most famous representative of the lead
relaxor family. Based on the concept developed for a
model relaxor material KTa1−xNbxO3 (KTN)
4, we have
presented a picture of the thermal evolution of the in-
ternal dynamics and structural transformations in PMN
crystal. In crystals of cubic symmetry, first order Raman
scattering may exist only due to the lattice distortions5.
We have shown that in PMN, these distortions in the
dynamic form are present even at a temperature as high
as 1000 K. Below the Burns temperature Td, their dy-
namics becomes progressively more restricted. From the
temperature T∗, the freezing process starts and contin-
ues down to the temperature of the electric field induced
phase transition Td0.
In this work, a similar analysis was applied to the light
scattering spectra of Pb(Zn1/3Nb2/3)O3 (PZN) crystal,
which is known as the closest “relative” of the PMN in
the lead relaxor family6. Solid solutions of the lead re-
laxors with PbTiO3 (PT) at concentrations close to the
morphotropic phase boundary are especially important
for industry7. In order to explore the influence of the PT
admixture on the temperature evolution of the light scat-
tering spectra and on the structural changes in the crys-
tal, the results obtained on the nominally pure PZN are
compared to the results obtained on a crystal containing
4.5% of PT (PZN-4.5%PT). Our goal is to understand,
which of the properties are common to a broad class of
lead relaxors, and which of them reflect their individual
peculiarities.
At high temperature, PZN has a perovskite cubic
structure Pm3m with Zn and Nb ions interchanging on
B sites. Like in PMN, its spatial composition is inhomo-
geneous and characterized by presence of small clusters
(∼2.5 nm) with occupation ratio Zn:Nb=1:18. Lowering
temperature leads to the formation of Fm3m symmetry
in the 1:1 clusters and to the appearance of the polar
nanoregions (PNR’s), which are capable of orientational
dynamics through a broad temperature range. At the
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FIG. 1: Examples of Raman scattering spectra of PZN crystal measured upon cooling at various temperatures (see labels at
the right end of the plots), in VV or < x|zz|y > (a) and VH or < x|zx|y > (b) geometries.
Burns temperature Td ∼750 K, the growing PNR’s cause
nonlinearity in the temperature dependence of the opti-
cal refractive index9. The PNR’s are responsible for the
overdamping of the TO1 phonon
10 and for the appear-
ance of the diffuse neutron scattering11. As in PMN, the
development of these regions is strongly influenced by the
random fields resulting from the compositional fluctua-
tions. Consequently, a ferroelectric phase transition does
not occur and the dielectric constant exhibits a broad
frequency-dependent maximum at T∼410 K12.
Unlike PMN, whose structure exhibits an average
Pm3m symmetry down to the lowest temperatures, PZN
(at T∼385 K) has been reported to undergo a struc-
tural non − ferroelectric phase transition from a cubic
to a rhombohedral R3m phase13. This phase exists only
on a local scale, and the crystal does not show spon-
taneously formed macrodomains14. Application of an
electric field in the <111> direction with a threshold
value of 0.7 kV/cm can induce formation of such do-
mains and the development of a macroscopic polar phase
at Td0 ∼330 K
15.
PbTiO3 (PT) is a classic soft-mode ferroelectric. Upon
cooling, at T∼760 K, it transforms from a cubic paraelec-
tric phase to a tetragonal P4mm ferroelectric phase7. PT
admixture to PZN causes reduction of its relaxor prop-
erties, leads to appearance of ferroelectric domains and
induces a ferroelectric transition. A crossover from the
relaxor to ferroelectric state is of a special interest. It
occurs at PT concentration of ∼4-7%7. Depending on
the exact value, such a crystal transforms from cubic to
rhombohedral phase either directly (as in this work) or
through an intermediate ferroelectric tetragonal phase16.
At the same time, it still exhibits characteristic relaxor
properties17.
The Raman spectra of PZN look similar to those of
PMN13,18,19. The biggest difference occurs at low tem-
perature, when PZN enters microdomain state of R3m
symmetry with characteristic microdomain size of the or-
der of the wavelength of light. The multiple light scatter-
ing at the boundaries of the microdomains causes a loss
of polarization information, so the spectra measured in
different geometrical configurations appear to be identi-
cal. The interpretation of Raman spectra in PZN, like in
PMN, is not clear (for details see Introduction in Ref.3
and review20). Phonon assignment of particular lines,
role of disorder and relaxations, and their interaction
with phonon modes have yet to be understood.
In this work, we extend our concept developed for
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FIG. 2: Examples of Raman scattering spectra of PZN-4.5%PT crystal measured upon cooling at various temperatures (see
labels at the right end of the plots), in VV or < x|zz|y > (a) and VH or < x|zx|y > (b) geometries.
PMN to the case of PZN-type compounds. We offer a
detailed analysis of the polarized < x—zz—y > (VV)
and depolarized < x—zx—y > (VH) Raman spectra of a
single nominally pure PZN crystal and a crystal contain-
ing 4.5% of PT. To obtain a complete picture, we made
our analysis in a broad spectral (up to 1000 cm−1) and
temperature (from 100 to 1000 K) ranges. This allows
us to build a comprehensive picture of the temperature
evolution of the structure of PZN-type crystals.
II. EXPERIMENT
We have investigated <100> cut single crystals. Crys-
tal of PZN was grown by a spontaneous nucleation from
high temperature solution using an optimized flux com-
position of Pb and B2O3
21. The PZN-4.5%PT crys-
tal was grown by the top-cooling solution growth tech-
nique, using PbO flux22. Both as-grown crystals were
of a light-yellow color and exhibited high optical qual-
ity. To ensure that the current results are comparable to
the earlier PMN ones3, a special attention was paid to
carry out measurements in the same experimental condi-
tions. The scattering was excited by focused to a 0.1 mm
spot 514.5 nm light of a 300 mW Ar+-ion laser, propa-
gating in 〈100〉 direction. The scattered light was col-
lected at an angle of 90◦ with respect to the incident
beam (i.e., in 〈010〉 direction) by a double-grating spec-
trometer equipped with a photomultiplier. For most of
the measurements, the slits were opened to 1.7 cm−1.
Each polarization of the scattered light, 〈x|zz|y〉 (VV)
and 〈x|zx|y〉 (VH), was measured separately. In order to
exclude differences in sensitivity of the monochromator
to different polarizations of the light, a circular polar-
izer was used in front of the entrance slit. For control
purposes, we also took measurements without polariza-
tion analysis. To protect the photomultiplier from the
strong Raleigh scattering, the spectral region from -4 to
+4 cm−1 was excluded from the scans. The data were
collected in the temperature range from 1000 to 100 K.
The cooling rate was 0.5-1 K/min. Every 50 K the tem-
perature was stabilized and the spectrum recorded. For
clarity, we describe the observed phenomena from high
to low temperatures, following the same order as in mea-
surements (unless otherwise stated).
Figure 1 demonstrates examples of PZN Raman spec-
tra measured in VV [panel (a)] and VH [panel (b)] ge-
4ometries at different temperatures. These spectra are
consistent with the previously reported23,24. Like in
PMN, at high temperature a typical spectrum consists
of two strong lines centered approximately at 45 cm−1
and 780 cm−1 (labeled A and B), three broad bands (C,
D, E) and of a central peak (CP). Line A exhibits a fine
structure, which is seen explicitly from a comparison of
the spectra measured in VV and VH polarizations. Low-
ering temperature modifies shapes of the broad bands C,
D and E. However, these modifications are not as strong
as in the case of PMN (compare Fig. 1 and Fig. 2 from
Ref.3).
Our results confirm25 existence of scattering even at a
temperature of 950 K (Fig. 1). Cooling the crystal, the
intensity of the scattering, first grows (compare plots for
950, 850 and 750 K); starting from the Burns tempera-
ture Td ∼750 K it decreases (plots for 700 and 650 K),
and then increases again. At the temperature of 600 K,
the intensity is back to its value at 750 K and contin-
ues to grow till ∼350 K. Below this temperature, the
crystal enters a microdomain state. Multiple scattering
on the domain walls causes general decrease of intensity
and loss of polarization information (VV and VH be-
came approximately equal). This multiple scattering is
significant when average domain size is comparable to
the wavelength of light. In our case, the temperature
of its appearance closely correlates with the prediction
from the diffused neutron scattering experiments11. The
intensity decrease observed below this transition is deter-
mined primarely by the Bose population factor:
F (f, T ) =
{
(ehf/kT − 1)−1 + 1, Stokes part
(ehf/kT − 1)−1, anti-Stokes part
, (1)
and the Raman scattering demonstrates a characteristic
first-order behavior. Similar shapes of the low- and high-
temperature spectra show that even at 950 K the scat-
tering exhibits a first-order character. In the perfectly
cubic crystal, first-order scattering is prohibited. There-
fore, one should assume the presence of distortions in the
form of lower symmetry clusters, like Fm3m and R3m.
At high temperature, these clusters are dynamic, having
short lifetimes. Lowering the temperature, they become
progressively longer lived or quasidynamic. In PZN, the
observed decrease in Raman intensity around Td is not
as strong as in PMN (see Fig. 2 in Ref.3). We associate
it with the formation of Fm3m clusters in their evolution
from a dynamic to a static form. With further cooling,
the PNR’s grow; their dynamics slows down. This ex-
plains the changes in the shapes of a number of peaks.
Below Td0 ∼330 K, which is close to the temperature of
the electric field-induced ferroelectric phase transition,
the shape of the spectra is relatively stable. This means
that the PNR’s became static and the process of their
formation is over.
Figure 2 demonstrates how admixture of 4.5% of PT
influences Raman scattering of PZN. Panel (a) shows
spectrum measured in VV and panel (b) in VH geome-
tries at different temperatures. These spectra are consis-
tent with those measured earlier25,26. Their shapes look
very similar to the shapes of nominally pure PZN (Fig.
1). However, even such a relatively small amount of PT
causes significant modifications. First, a high tempera-
ture weakening of the scattered intensity (compare the
data measured at 900 and 800 K). In our case, this in-
tensity decrease occurred at ∼200 degrees lower temper-
ature then in the earlier study25. It has to be attributed
to a disappearance of lattice distortions and establish-
ing a “pure” Pm3m cubic symmetry in the lattice, which
does not allow first-order scattering. This result is rather
unexpected, since PT admixture facilitates appearance
of PNR’s causing lattice distortions. To understand it,
one has to assume a weakening (in comparison to the
thermal energy kT ) of the interatomic bonds in the PT-
doped PZN crystal at the high temperatures. Second
change that is seen at a glance, is the absence of the
described above decrease of intensity related to the for-
mation of Fm3m clusters. This suggests hindering the
development of the Fm3m clusters under the influence of
PT, so either the size of the clusters or their density is
insufficient to worsen the optical quality of the sample.
A further analysis allows us to reveal a number of other
interesting properties of these compounds.
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FIG. 3: Temperature evolution of the parameters of the cen-
tral peak (Lorenzian approximation) in PZN [left panel - (a)
and (b)] and PZN-4.5%PT [right panel - (c) and (d)] crystals.
Intensities are presented in (a) and (c), half widths at half
maxima are shown in (b) and (d).
III. MULTIPLE-PEAK DECOMPOSITION AND
MOST INTERESTING RESULTS OF IT
The measured data was analyzed by a multiple peak
decomposition, following the same procedure as in the
5PMN work3. The central peak (CP) was assumed to
have a shape of Lorentzian, other peaks were described
as damped harmonic oscillators multiplied by the Bose
factor (1):
Φi ∼
Γif
2
0if
(f2 − f20i)
2 + Γ2i f
2
0i
F (f, T ) . (2)
Here Γi and f0i are the damping constant and the mode
frequency. Consider the most interesting results of this
analysis.
A. Central peak
In Raman spectrum, a CP can appear either due to
relaxations27,28, or due to the zone-center softening of
the TO phonon29, or due to interaction of these two
processes30. Because the zone center TO phonon is
overdamped10, we may suppose that our central peak
originates solely from relaxations. When the relaxations
are fast31, the CP is non-intense and broad. Their
slowing down causes the growth and narrowing of the
CP. Such an approach has proven to be profitable for
investigations of internal motion not only in relaxor
ferroelectrics27,28, but also in other materials with relax-
ational dynamics32,33. The temperature evolution of the
parameters of the Lorentzian approximation of the CP
in the investigated PZN (left panel) and PZN-4.5%PT
(right panel) crystals is presented in Fig. 3. Panels (a)
and (c) show intensities, (b) and (d) demonstrate half
widths at half maxima of the peak.
The temperature behavior of the CP in PZN is similar
to that in PMN3 and KTN4 relaxor crystals. We have
shown3,4,34 that the evolution of the CP in those materi-
als can be explained by a model involving the relaxational
motion of the polar nanoregions and its progressive re-
striction with decreasing temperature: from possibility of
reorientational motion amongst eight equivalent <111>
directions at the high temperature, down to confinement
to a single allowed direction at the low-temperature. The
similarity of the CP behavior in these different materials,
suggests that the polar clusters in PZN and PZN-4.5%PT
as well as in PMN and KTN develop through a similar
sequence of stages, although not necessarily causing the
appearance of the long-range ferroelectric order.
Starting from high-temperature, the first important
feature is the local VV intensity maximum at the temper-
ature ∼850 K (Fig. 3(a)), accompanied by a relatively
weak VH component. From comparison with PMN and
KTN, where this feature is much stronger, we attribute
this phenomenon to the symmetric 180o reorientational
motion of ions. Further lowering the temperature, a ces-
sation of this motion causes some decrease in the VV
intensity of the CP, reaching a minimum in the neigh-
borhood of the Burns temperature Td ∼750 K. Like in
PMN, the prohibition of 180o reorientations introduces
anisotropy into the lattice causing the distinguishability
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FIG. 4: Temperature evolution of the components of the peak
A. Left hand side shows their positions (a), reduced intensities
(b) and damping constants (c) for PZN crystal; right hand
side (d, e and f) shows these parameters for PZN-4.5%PT
crystal. The dashed lines separate dynamic and static phases.
To its left, the polarization information was lost.
between B sites occupied by different ions, Zn and Nb,
and the appearance of a superstructure with, on aver-
age, Fm3m symmetry in the 1:1 ordered areas. It also
puts restrictions on the reorientational motion of the dy-
namical R3m polar nanoregions. Now, they can reorient
only amongst four neighboring <111> directions, intro-
ducing local time-averaged tetragonal distortions. These
processes are accompanied by the appearance of large (of
the order of wavelength of light) quasidynamic fluctua-
tions causing some worsening of the optical quality of the
sample. With further cooling, the optical quality of the
crystal improves. From ∼650 K, the four-site reorien-
tational motion of the PNR’s is slowing down, leading
to the narrowing of the VV component of the CP (Fig.
3(b)), the increase of its VV and VH intensities (Fig.
3(a)) and the simultaneous broadening of the VH com-
ponent (Fig. 3(b)). These indicate the appearance of
the new restrictions on the ionic motion in the crystal.
Analogy with KTN and PMN suggests that the motion of
R3m clusters gradually becomes restricted to two neigh-
boring <111> orientations, averaging to monoclinic dis-
tortions. However, in PZN this process develops much
more gradually, without a definite temperature separat-
ing the stages with predominantly four- and two- site
motion. Comparing with the temperature behavior of
the CP in PMN and with neutron scattering results, we
would approximate it as T∗ ∼500 K. Moreover, with fur-
ther cooling a gradual freezing of the reorientational mo-
tion begins, leading to the appearance and growth of the
static clusters with R3m symmetry. The intensities of
both, VV and VH, components of the CP reach their
6maxima at T∼350 K. At T∼330 K, when the character-
istic sizes of the R3m regions become comparable to the
wavelength of light (also see Fig. 3 in Ref.11), the wors-
ening of the optical quality of the sample causes loss of
the polarization information and general decrease in the
scattered intensity. Note, that this temperature coincides
with the temperature of the electric field induced phase
transition Td0. Thus, in PZN, like in PMN, the tempera-
ture Td0 marks the end in the structural transformations
sequence. Below Td0 ∼330 K, the CP is narrow and its
intensity continues to decrease.
Despite the central peak of PZN-4.5%PT crystal looks
very similar to the one of PZN, admixture of PT in-
troduces significant changes in its temperature behavior
(Fig. 3(c and d)). The local high-temperature maxi-
mum in the VV intensity of the CP, which was clearly
present in KTN (Fig. 3 in Ref.4), PMN (Fig. 4 in Ref.3),
and PZN (Fig. 3(a)), in PZN-4.5%PT is absent. By
analogy with other crystals, this local maximum should
be expected at T∼800 K. However, at this temperature
only a monotonic growth of the VV intensity with just a
little kink (if any) is observed (Fig. 3(c)). This con-
firms the expressed above suggestion that addition of
PT strengthens restrictions on the reorientational mo-
tion, suppressing 180o reorientations. Thus, in PZN-
4.5%PT the PNR’s are restricted to a four-cite reori-
entational motion from the moment of their nucleation.
Further cooling leads to increase in the VV and VH in-
tensities (Fig. 3(c)) and broadening of the central peak
(Fig. 3(d)). Like in PMN (Fig. 4 in Ref.3), the half-
widths of the VV and VH components of the peak have
strong maxima occurring at two different temperatures
(∼600 and 550 K respectively). This indicates that in
PZN-4.5%PT the change in the reorientational motion
of the PNR’s from four- to two- direction character oc-
curs more sharply then in nominally pure crystal. It can
be associated with a particular temperature T∗ ∼550 K
(which is close to the estimate from the neutron scatter-
ing studies35) of an ”underlying” structural transforma-
tion, below which the PNR’s are restricted to reorient
only between two allowed <111> directions. Then, their
motion starts to freeze. The size of the clusters is growing
and, at Td0 ∼370 K their reduce the optical quality of the
sample leading to decrease in Raman intensity and loss
of the polarization information. Below this temperature,
the CP is narrow, and its intensity decreases.
B. The major peaks A and B
Figure 4 presents the temperature evolution of the fit-
ting parameters of the peak A. The left panel (a-c) shows
their values for the nominally pure PZN. The right panel
(d-f) demonstrates parameters for the peak A in PZN-
4.5%PT. Top plots (a and d) show positions, middle (b
and e) reduced intensities, bottom (c and f) present the
values of damping constants. The dashed lines separate
the dynamic and static regions. For both compositions,
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FIG. 5: Temperature evolution of the peak B. Left-hand side
shows its position (a), reduced intensity (b) and damping con-
stant (c) for PZN crystal; right-hand side (d, e and f) shows
these parameters for PZN-4.5%PT crystal. The dashed lines
separate dynamic and static phases. Below it the polarization
information is lost.
at temperatures above the dashed line, this peak has a
triplet structure, containing one component in VV (cir-
cles) and two components in VH (light up and down tri-
angles) geometry. Below the dashed lines, the polariza-
tion information was lost and the peak appeared as a
doublet (dark up and down triangles).
Except for the loss of polarization in the static phase,
the components of the peak A of the nominally pure
PZN exhibit a strikingly similar temperature behavior
to those of PMN (compare to Fig. 5 (a-c) in3). The de-
tailed analysis3 of this peak in PMN allowed to attribute
its the origin to the interaction of the zone center TO
and zone-boundary TA phonons with different polariza-
tions. Such an interaction is possible if it is mediated
by the disordered lattice distortions, which explains the
increase of damping with lowering temperature. The me-
diation is also important in explaining the presence of a
rather strong scattering signal in the VH geometry. This
idea has further development in the first-principle calcu-
lations, that are currently in progress36. The similarities
of the parameters of this peak in PMN and PZN empha-
size the common origin of the peak A in these two re-
laxor materials. Admixture of 4.5% of PT (Fig. 3(d-f))
does not cause any dramatic changes in the temperature
trends of the components of the peak A. Primarily, its
influence is limited to sharpening of the features related
to the formation of the static phase (like those around
400 K).
Figure 5 demonstrates temperature behavior of the line
B located at the high-frequency end of the spectrum. The
left panel (a-c) shows its parameters for PZN; the right
panel (d-f) for PZN-4.5%PT. Like in the case of peak A,
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FIG. 6: Peak E in PZN crystal: examples of the spectra mea-
sured at several temperatures (shown on the labels at the
right end of the plots); temperature evolution of the positions
of the peak components (b). Distances between these com-
ponents (c) demonstrate that splitting of this peak follows
critical dependence law. Solid lines represent (Td0-T)
1/2 fit.
the top plots (a and d) show positions, the middle plots
(b and e) show reduced intensities, and the bottom plots
(c and f) show damping coefficients. For both materials,
in the dynamic region, this line has very strong inten-
sity in the VV geometry, but weak in the VH one (i.e.
characterized by A1g symmetry). Below transition to the
static phase, VV and VH intensities are equal (also see
Figs. 1, 2). Comparison of the left panel of Figure 5
with the right panel of Figure 6 in Ref.3 shows that ex-
cept for the loss of polarization at the transition to the
static state, parameters of the peak B in PZN exhibit
the same temperature trends as in PMN; following the
formation of dynamic polar clusters at Td, their slowing
down, and gradual development of the static order from
T∗ to Td0. Addition of 4.5% of PT leads to appearance
of a new feature - lowering energy (softening) of this line
[Fig. 5(d)] around 500 K. As we explained above, this
temperature is associated with the growing restrictions
on the dynamics of PNR’s. It is widely accepted that
PNR’s are related to the off-centered Nb ions. There-
fore, the softening of the peak B is a direct confirmation
of the suggestion that this line indeed originates from the
oscillation in the Mg-O-Nb bond37.
C. The smaller peaks
Between peaks A and B there are several other peaks,
labeled C, D and E (Figs. 1, 2). At high temperature
their intensities are very weak, and they look like merg-
ing broad bands. Lowering the temperature, the peaks
become sharper and some of them show fine structure.
In general, this process is similar to the one observed in
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FIG. 7: Peak E in PZN-4.5%PT crystal: (a) examples of
the spectra measured at several temperatures (shown on the
labels at the right end of the plots); (b) temperature evolution
of the positions of the peak components.
PMN (Figs. 1 and 2 in Ref.3). However, in PZN and
PZN-4.5%PT it is not as strong and evident. Especially
interesting to consider it on the example of line E. In
PMN, at high temperature line E was broad and weak;
with cooling the crystal, its intensity was growing; at
T<T∗ the line became a doublet, and the temperature
dependence of the distance between components was fol-
lowing a characteristic order parameter behavior (Fig.
6(a) in Ref.3), proving existence of a latent phase trans-
formation.
Figure 6(a) shows examples of the spectra zoomed in
on the line E in PZN (region between 400 and 650 cm−1).
Unlike the case of PMN3, in PZN line E consists of two
components, E1 and E3, even at as high temperature as
850 K. Lowering the temperature, their intensities are
growing. Starting from Td0, one more component E2 ap-
pears. The temperature dependences of the positions of
these three components are shown in Fig. 6(b). The
distances between them are shown in Fig. 6(c). Fig. 6
demonstrates that line E is very sensitive to the processes
developing in the crystal while it is cooled down. The
sharp feature, located around 600 K, is associated with
appearance of restrictions on reorientational motion of
PNR’s from four- to two- directional reorientations. Be-
low Td0 ∼330 K, the distances E3-E1 and E3-E2 both
follow a (Td0-T)
−1/2 law. This suggests that, in PZN,
line E can also be an indicator of an order parameter
related to appearance of the static phase.
The behavior of line E in PZN-4.5%PT crystal is pre-
sented in Fig. 7. Panel (a) shows examples of the spectra.
At high temperature, line E is presented by a single broad
component (labeled E2). Lowering the temperature, one
more component of the line becomes apparent (E1). Un-
like PZN, in PZN-4.5%PT the third component of line
E does not develop. Figure 7(b) shows temperature de-
8pendences of the frequencies of line E components. Ex-
cept for the feature around 400 K (near the ferroelectric
phase transition), frequencies of the both components fol-
low the same law while temperature decreases. Full un-
derstanding of the behavior of this line requires further
progress in theoretical work.
IV. CONCLUSION
A detailed multiple-peak fit analysis of the Raman
spectra measured on PZN and PZN-4.5%PT crystals in a
broad temperature range (from 1000 to 100 K), allowed
us to develop the picture of the structural transforma-
tions in these crystals in the light of the earlier stud-
ies of PMN3. Our data show that the structural evolu-
tion of the lattice in all three compounds occurs in sim-
ilar characteristic stages. Dynamical lattice distortions
are present even at the highest measured temperatures.
These distortions are responsible for the presence of first-
order Raman scattering. At the high-temperature, the
scattering is quite strong in PZN and PMN, but rather
weak in PZN-4.5%PT. Lowering the temperature, the dy-
namics becomes progressively more correlated. At the
Burns temperature Td, the 180
o reorientations become
prohibited, causing appearance of the polar nanoregions
and spatially averaged Fm3m symmetry in the 1:1 or-
dered areas. The scattering intensity increases, especially
in PZN-4.5%PT so it becomes comparable to the one
in PZN. With further cooling, the motion of the quasi-
dynamic PNR’s becomes more restricted. From the tem-
perature T∗, they can reorient only between two possible
directions, and the quasi-static ordering begins. By the
temperature Td0 the ordering process is mainly finished,
resulting either in a disordered (in PMN and PZN) or
in a ferroelectrically ordered (in PZN-4.5%PT) rhombo-
hedral phase. The shapes and the temperature behavior
of the central peaks and the major phonon lines in the
Raman spectra of these three materials are very simi-
lar, which emphasizes their common origin determined
by processes involving phonons with different wavevec-
tors interacting with various kinds of disorder. A rather
weak phonon line E is the most sensitive to the composi-
tion of the particular crystal. In all three cases it exhib-
ited distinctly different behavior, serving as a measure of
the order parameter of the system.
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